segments involved in the resections, Charlson comorbidity index (CCI) [12] , prior liver resection, gender and age. Short term outcomes included resection margin positivity, blood loss, operative time, blood transfusions, length of stay and complications. Complications were graded according to the Clavien-Dindo classification for surgical Abstract Introduction: Laparoscopic liver resection is gaining increased application in the treatment of colorectal liver metastases (CRLM). The aim of this study is to compare safety and feasibility of minor laparoscopic liver resection vs. open liver resection in patients with CRLM.
liver resections is technically challenging, but reduces the surgical trauma and stress response and allows for quicker healing [6] . The use of laparoscopic liver resection (LLR) is rapidly increasing due to multiple studies finding LLR to be associated with lower blood loss and shorter length of stay while showing oncologic outcomes similar to open liver resection (OLR) [7] . Recommendations for laparoscopic liver resection, stated in the report from the second international consensus conference held in Morioka 2014, concluded that minor LLR (≤ 2 segments) is now considered standard practice while major LLRs (≥ 3 segments) are still innovative procedures in the exploration phase [8] . Prospective randomized controlled trials for comparison of LLR and OLR of colorectal liver metastases has yet to be published but study protocols for randomized controlled trials do exist [9, 10] . The aim of this study is to analyze the safety and feasibility of minor laparoscopic resection of CRLM.
Methods

Patients
Laparoscopic and open liver resections performed for all indications at a single high volume hepato-pancreato-biliary centre during the time period of July 2009 to November 2014 were retrieved from the database. The search provided a total of 1467 consecutive patients including 64 minor LLRs performed for CRLM. Patients with hepatic lesions of non-colorectal origin were excluded. A control group of 64 minor OLRs for CRLM were then selected by head-tohead matching with the 64 laparoscopically resected patients on the following matching criteria based on the clinical risk score proposed by Fong [11] : positive node of primary, disease free interval < 1 year, preoperative CEA > 200 ng/ml, number of metastases, size of largest tumour and presence of extrahepatic disease. Patients with tumours located in the anterior or the left lateral segments were preferably selected for laparoscopic resection. Because oncologic outcomes had the higher priority, recurrence prognostic measures have been emphasized on behalf of more technical aspects such as specific tumour location. Patients were further matched by number of liver
Introduction
Fifteen to twenty-five % of patients diagnosed with colorectal cancer have synchronous liver metastases at the time of diagnosis and an additional 13-25 % will develop metachronous liver metastases [1, 2] . For patients with colorectal liver metastasis (CRLM), liver resection is considered the only potentially curative treatment with a 5-year survival of 25-40% [3] [4] [5] . The laparoscopic approach for complications [13] and operative time was defined as the time from the first incision in the skin to complete closing of the skin at the end of surgery. Long term outcomes were disease free (DFS) and overall survival (OS). In patients with recurrence, DFS was defined as time from surgery to first imaging finding of recurrence. The radiologic follow-up program for CRLM consisted of CT-scans of the thorax and abdomen as well as measurement of carcinoembryonic antigen (CEA) at postoperative month 3, 6, 9, 12, 18, 24, 36, 48 and 60.
Data were retrospectively collected from regional and national patient files. Following the principle of an intention-to-treat analysis, laparoscopic procedures converted to open procedures remained in the laparoscopic group.
Surgical technique
LLR was performed with the patient in the supine and 30° anti-Trendelenburg position with the surgeon standing between the patient's legs and assistants on one or both sides. 4 to 6 port sites were inserted in the upper abdominal quadrant: the 12-mm ports were placed to allow insertion of a 30° optical device, the linear stapler and LigaSure; the 15-mm port for the surgical aspirator and ultrasound scans, the 5-mm port was used mainly to allow irrigation and aspiration during surgery. Carbon dioxide pressure for pneumoperitoneum was kept between 12-15 mmHg during hepatic parenchymal division. Pressure above 15 mmHg was primarily used to prevent venous bleeding. No pedicle clamping was performed. Operative assessment of tumours and surgical margins was undertaken by intra-operative ultrasound scans. Parenchymal division and coagulation was performed using the LigaSure or staplers. Finally, the specimen was extracted in a plastic bag through the 15-mm port incision. In open liver resections a transverse incision in the right upper quadrant extended upwards in the midline was used. If possible, an upper midline incision was used for resections confined to the left lateral segment. Parenchyma was transected using Waterjet or clamp crushing while the LigaSure was used for division of vessels. Pringle manoeuvre was selectively applied for intervals of up to 16 minutes.
Perioperative care principles
Patients in both groups followed similar fast-track perioperative care principles as described by Schulz et al. [14] . Clinical project nurses systematically informed patients about the optimized perioperative care. Catheters and drains were systematically removed early, and patients were mobilized and started eating and drinking from the day of surgery. All patients received a multimodal pain treatment for one week including 1 g paracetamol every 6 h, 200 mg celecoxib every 12 h, and 300 mg gabapentin in the morning and 600 mg in the evening. Patients in the open group had epidural analgesia for 0-48 h after surgery while patients in the laparoscopic group had no epidural analgesia. All patients in both groups were discharged when meeting all of the following criteria: pain sufficiently controlled by oral analgesics, no untreated surgical complications and the patient feeling comfortable with discharge. Assessment of pain was done at rest and activity at POD 1 and POD 3, using a 100-mm visual analogue scale (VAS) [15] . Discharge was decided by whichever surgeon doing bedside visits on the given day.
Statistical analysis
Statistical analysis was performed using SPSS (SPSS, version 23.0) and Excel (Microsoft version 12.0). Significance was accepted at p < 0.05. Categorical variables were compared between groups using the chi-squared test and continuous data were compared using Mann-Whitney test. Survival was evaluated using Kaplan-Meier curves and log-rank test. Follow-up time was evaluated using Kaplan-Meier estimate of potential follow-up [16] .
Results
Short-term results
Patient and tumour characteristics of the study patients are summarized in table 1 
Discussion
The application of minor laparoscopic liver resection has become widespread in specialized centres due to multiple findings of shorter length of stay and lower blood loss and has so far been found to be safe when performed in selected patients. We found no difference in the rate of positive resection margins, overall survival or disease free survival. In agreement with our findings meta-analysis have shown no difference in overall or disease free survival between LLR and OLR [17, 18] .
We found significantly shorter length of stay in LLR. The groups followed similar fast-track principles for perioperative care and discharge criteria as described in methods. The finding of shorter length of stay in LLR is thought mainly to be an advantage of the reduced surgical trauma of LLR and is supported by the majority of comparative studies finding a significantly reduced length of stay for LLR [19] [20] [21] [22] [23] . The relatively short length of stay in both groups of our study is due to the fact that this is a study of exclusively minor resections and to the fast track principles for perioperative care aiming for fast recovery and short length of stay. The hepatic lesions were well matched in terms of number and size of metastases as well as prior liver surgery and the number of liver segments involved in the resection. Though matching of specific tumour location would be desirable, the higher priority of matching prognostic characteristics for oncological measures combined with preferred selection of LLR for tumours located in the anterolateral segments (segment 2, 3, 4b, 5 or 6) in LLR makes matching of the specific tumour location in our study extremely difficult. Hence the LLR group included more cases of patients with tumours located in the anterolateral segments (95 % in LLR vs. 70 % in OLR). A higher proportion of tumours located in posterosuperior segments (segment 4a, 7 or 8) in OLR, occasionally needing wide mobilization, as well as more tumours located near hepatic vessels might affect blood loss and operative time. However, the establishment of positive pressure pneumoperitoneum (12-15 mmHg) in LLR, which can be transiently elevated in cases of bleeding this study. To test for the effect of increased experience through the learning curve the first and second half of the LLRs sorted by the date of surgery were compared in terms of median operative time and blood loss. No difference was found in this regard. Eight laparoscopic procedures were converted to open surgery (13%). Laparoscopic procedures were converted for oncologic reasons including unknown metastasis, tumour extend or difficult tumour location (n = 4), strong adhesions or fibrosis due to prior surgery (n = 2), lesion of the gallbladder (n = 1) and bleeding (n = 1). We found significantly shorter length of stay with a median (25:75 percentile) of 2 days (2:4) and 4 days (4:5) in the LLR and OLR group respectively, p < 0.001. Blood loss was significantly lower with a median (range) of 100 ml (0 -2500) in LLR and 500 ml (0-2800) in OLR, p < 0.001. The Pringle manoeuvre was applied in 15/64 (23 %) of cases in OLR and not applied in LLR. Operative time was also found to be shorter in the laparoscopic group with a median (range) of 92 minutes (37-273) vs. 105 minutes (54 -240) in the open group, p = 0.042. No significant difference in the number of patients receiving blood transfusions was found. Complication rates of 19/64 (30 %) in LLR and 22/64 (34 %) in OLR, p 0.570 as well as the distribution of Clavien-Dindo grades were comparable between the two groups. The LLR group had three grade 3 complications including bleeding from the resected liver surface requiring laparotomy, abscess in the umbilical port wound and liver abscess, respectively treated with percutaneous drainage. In the OLR group four grade 3 complications were seen: liver abscess treated with percutaneous drainage, bile leakage treated by endoscopic retrograde cholangiography with stenting, rupture of fascia and rupture of incisional wound respectively treated with resuturing in universal anaesthesia. No grade four or five complications were seen. Sixty-day mortality was zero in both groups.
Oncologic results
Microscopically negative resection margins (R0) were achieved in 92 % of LLRs and 91 % of OLRs. Both groups had similar follow-up times with a median (25:75 percentile) of 49 (23:54) months (range 11-74 months) in LLR and 47 (28:52) months (range 5-72 months) in OLR, p = 0.442. 1-, 3-and 5-year overall survival was 98 %, 79 %, 54 % as well as the magnified view of the operating field, is thought to make a considerable contribution in reducing blood loss in LLR. The frequent use of staplers in the LLRs further reduces blood loss. The find of reduced blood loss in LLR is in agreement with multiple studies of LLR vs. OLR [19] [20] [21] [22] [23] . In LLR the time saved from the opening and closing of the skin and fascia allows for shorter operative time in minor resections of few metastases. The frequent use of staplers for parenchymal dissection in LLR also shortens operative time compared to OLR.
We found no significant difference in the overall rate of complications (30.6 % for LLR vs. 35.5 % for OLR). In the literature the complication rates vary between 15-27 % for LLR and 28 -50 % for OLR and it remains questionable whether LLR significantly improves complication rates with some studies finding a significant improvement while other studies do not [19] [20] [21] [22] 24] . The complication rate for LLR in our study is relatively high and might be explained by the fact that our study seems to have a very high proportion of low grade complications (Clavien-Dindo grade 1 and 2) with 16/19 complications being low grade for LLR and 17/22 for OLR. This is most likely due to a very low threshold for inclusion of mild events as complications in our study. The conversion rate was 13 % which is comparable to similar studies ranging from 5 -15.8 % [20-22,24] .
Conclusion
We found minor laparoscopic liver resections of ≤ 4 metastatic lesions to be safe and feasible with shorter length of stay and comparable short and long term oncologic outcomes. Laparoscopic resection may further achieve shorter operative time and lower blood loss.
